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Challenges and strategies on the way to a climate-neutral primary industry

The European
green energy
challenge

« Green energy
supply for industrial
clusters

* “Green” carbon
supply




The importance of materials processing industries? Wuppertal

: L . : : Institut
Material conversion is the most GHG intensive element of the material and the energy system
3 basic industries directly emit 19% of global ... and the demand for basic materials is expected
energy related CO, emissions... to rise further (scenarios for 2030 by IEA)
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) . ammonia and methanol as an aggregate proxy for sector activity growth.
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Climate neutrality 2050 is only one investment cycle away:
All investments from now on must be compatible with climate neutrality

High need for reinvestment in European and Global heavy industries

Reinvestment requirement
of primary production capacity in EU27 by 2030
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Share of global blast furnace fleet requiring reinvestment
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Germany as an example

A comparison of industry

in recent climate neutrality
scenarios

AGORA et al.
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GHG Emissions of Industry in Recent German Climate Neutrality Scenarios

0%

-20%

Wuppertal
Institut

Reduction of industrial GHG emissions vs. 1990 — actual development and scenarios

e Not all scenarios foresee net
negative by 2045
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Industrial Electricity Use \II::t?ﬁﬁrtal
(without electricity used for H2 electrolysis)

Electricity becomes the dominating final energy in industry
But we see a vast range between studies
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Wuppertal
Hydrogen use in industry by sector Institut

All studies see hydrogen necessary in steel industry and as a chemical feedstock
But the amount of hydrogen use and all other uses are debated
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Chemical industry in climate neutrality scenarios

Production

> Studies differ on
production: Constant or
strongly declining

> Complete phase out of
fossil feedstocks

> Switch to synthetic
feedstcok (and waste)

> Studies strongly diverge o
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Chemical industry in climate neutrality scenarios

Energy demand
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> Fossil phase out at
various speeds

2 Increasing use of
electricity and hydrogen
(+ biomass?)

> Strong hydrogen use for
feedstocks
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Chemical industry in climate neutrality scenarios
Energy demand

Final Energy Demand by Energy Carrier

<
= :

- 152 ! 161
160 I | 8 |
140 | 139

. ER
120 . .
|
100 !
1
80 !
1
60 :
1
40 :
1
20 I
:
0
Statistik KN2045 KN100
(Agora et al. 2021) (dena 2021)
2018 2045
Strom Biomasse B Fernwarme B Wasserstoff

Data for 2018 from dena (2021).

Wuppertal

Institut
1
1
1
|
1
1
|
1
114 :
o 9 101
1
1 “
:
1
|
|
1
|
1
1
|
1
1
Zielpfad TN-Strom TN-H2
(BDI 2021) (BMWi 2021) (BMWi 2021)
2050
Synthetisches Methan M Sonstige B Fossile
10



The European green energy challenge

With a focus on petrochemistry
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EU basic chemicals production sites and volumes
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> Largest energy user of
the industrial sector
(energy and non-energy
purposes)

» 3 largest emitter of the
industrial sector

» Challenge: The sector
requires carbon
feedstock for its
products even in a GHG
neutral world

12



The backdrop: Electrification and feedstock transition ‘I’::tl?ﬁ::“a'
create a huge energy demand hot spot in NWE

"5 Additional Electricity Demand ="z Net-electricity Balance of EU-

B -150--100

- for Climate neutral Steel, w-s Regions (NUTS 1) in a Low-Carbon

-50-0

Chemicals, Cement (includes H2 - % Scenario inclunding Industrial
electrolysis) | = 150 | Demands g

— RES-Potentials in
the EU could be
sufficient for a high
share of self supply

Even in such a
scenario NWE will be
a demand hot-spot

Strong and
competitive supply
chains for clean
energy will be crucial

This might include a
massive exploitation
of the North Sea
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— H, pipelines by conversion of
existing natural gas pipelines
Newly constructed H, pipelines

-- Possible additional routes
Countries within scope of study
Countries beyond scope of study
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European Hydrogen Backbone

— A vision by major
European gas TSOs
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New challenge:
Speeding up the phase out of natural gas



Natural gas in climate neutrality scenarios, Germany
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Natural gas in climate neutrality scenarios, Germany }'::tl?ﬁﬁ_rtal
NG phase out was already envisaged from 2030 on

Natural gas demand (primary), all uses)
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In an emergency:
Where to disconnect NG supply first?

500

450

400

350

300

Public CHP and micro-CHP

|
Probable
exemptions

Other industrial processes

40 main natural gas using
industrial processes

Public condensing power generation

|
Focus of short term
disconnections

Quelle: Modellrechnung Wuppertal Institut, Arbeitsgemeinschaft Energiebilanzen.
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» 400 TWh annual savings would
roughly equal current Russian supply
(1100 GWh per day)

» Electricity generation and industry are
first targets for disconnection (heat
sector exempt)

» Public CHP has only limited potential
for fuel switching.

» Smalller processes and food
processing might be further
candidates for exemptions.



Natural gas in industrial processes in Germany, 2019"

40 processes consuming about 140 TWh
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» Main sectors
 Basic chemicals
» Paper & carton
e Glass

« Secondary steel making, steel
milling and rolling

» Possible criteria for emergency
disconnection:

 Fuel switch possible

« Importance of subseqgent
value chains

« Options to import products

*) estimate, based on production volumes
2019



Effects of a NG embargo sttt

A first glance on value chains

Stabstahl EA
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- EAF n 1
Stahl-Walzdraht | > Polyurethane value chain is very
PVC Ethylendichlorid [ vCM__ [IIN Rather homogenous important - need to import
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Acrylsure 7 f,} » For other value chains final
_ ‘ product imports are more
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I id . . .
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Quelle: Modellrechnung Wuppertal Institut.



Conclusion: Climate neutral industry needs an
Integrated policy perspective

A brief example on necessary policy integration and the potential role of science



Three Callenges

The
CIES
challenge

The green

energy (and
carbon)

supply
challenge
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The
EIENEL][ES
pull challenge
and the
stability of
value chains
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Decarbonising energy intensive industries needs a
policy package covering the complete value chain
Upstream Midstream Downstream
(Infrastructure, energy & raw materials) (Basic materials & intermediate (Final products)
products) \
1. Development of 3. Competitiveness of 5. Incentives for _
clean energy & CO, climate-neutral process material-efficient and Labelhng of

IPCEI on
hydrogen

Infrastructure
development

infrastructure

2. Availability of
climate-neutral raw
materials

technologies

4. Incentives to switch
to zero emissions heat
sources

Innovation fun

J
Contracts for Dll*fferel

1CE

ETS with CBAM

circular product
design & manufacture

6. Market demand for
climate-neutral
materials & final
products

green products
Standards and

Procurement
Buyers clubs

4

7. Enhanced materials re-use and high-quality recycling

23



An integrated climate and industrial policy is needed

Energy policy

Energy transition
(expansion of renewable

electricity generation)
Electrification of heat,

transport, processes

Energy infrastructures &
hydrogen strategies

Climate policy
Paris agreement
Climate clubs
Fit for 55 package

Clean industrial policy
package

! International steel club )|

Industrial trans-
formation

(Co-evolution with
energy system
transformation)

Structural policy / just transition

e

Economy package

)
Resource policy
EU-Circular

Ecodesign

Directive... )

o

Researchi&
innovation

RDD&D-Policies
Horizon EU

ETS Innovation
Funds

JEDI, Mission
Innovation (and

steel clubs)

in heavily industrialised regions: Concepts for

regional climate neutral industry

‘innovationl infrastructurel cluster formationl !‘
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A new paradigm of a climate
and industrial policy
would best be

> Clearly target oriented
towards sustainability and
climate neutrality as core long
term targets (= fit f. 55 pack.)

» Integrating policies for
climate, energy, innovation
and resource efficiency with
trade, growth and structural
policies (= fit for 55 package)

» And creating a new mode of
societal cooperation of all
societal stakeholders

Sources: (6), (8), (9), (3) (own Figure)
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Energy intensive industries as new focus of global
climate policy: COP26 Glasgow

| & Horizon 2020 Societal challenge 5:
Climate action, environment, resource efficiency
and raw materials

COP21 RIPPLES — COP21: Results and Implications for
Pathways and Policies for Low Emissions European Societies

Exploring the Prospects for a Sectoral
Decarbonization Club in the Steel Industry

by Lukas Hermwille
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Breakthrough: to make near-zero emission steel the preferred choice in global markets, with efficient use
and near-zero emission steel production established and growing in every region by 2030.

Why? The global steel industry, which employs more than six million workers, is responsible for 4% of global
greenhouse gas emissions. To align with the International Energy Agency’s Net Zero pathway, the sector
must make a significant shift from coal to electricity in its energy demand use by 2050, from 15% to 70%. To
reach the target will require rapid investment and scale-up of innovation, hydrogen and electrification.

Existing progress the Breakthrough will turbocharge: seven out of the ten biggest steel-producing
countries have initiated at least one green steel project, while nine companies - representing around 20% of
global steel production - have set firm net zero emissions commitments. The Glasgow Breakthrough on
Steel brings together global governments to cooperatively accelerate the innovation and create the
economies of scale and incentives for investment needed to rapidly create and deploy the solutions to
make near-zero emission steel efficient, widespread, and a growing concern by 2030.

Bildschirmfot

International collaboration: we note the importance of the following international initiatives in making

progress towards and coordinating activities towards this Breakthrough: '
World's largest steel and concrete buyers make game-
changing push for greener solutions

Clean Energy Ministerial's Industrial Deep Decarbonisation Initiative

Climate Group's SteelZero

First Movers Coalition

Leadership Group for Industry Transition (LeadIT)

O

Mission Innovation Industry Mission \\| . CTD

N U AL DEL
Mission Possible Partnership's Net-Zero Steel Initiative ) i \* DECARBONISATION

En route to a green future with
low-carbon steel, cement and
concrete

Responsible Steel

The production of steel,
cement and concrete
is responsible for

14-16% of global
energy-related
CO, emissions.

Endorsed by: Australia; Belgium; Canada; Denmark; Egypt; European Unio
Ciiinea Ricearr India: Iraland: leraal Tanan: | ithiiania |l nivam bourg; Norway;

United Kingdo

The Industrial Deep Decarbonisation Initiative (IDDI) aims to create a thriving market
for near zero carbon industrial materials, starting with steel, cement and concrete.
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Thank youl!
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